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Introduction
X12Cr13 stainless steel, represented by German steel, belongs to semi-martensitic stainless steel. Besides martensite, there is a certain amount of ferrite in the metal structure. After certain heat treatment, it has high strength, toughness, good machinability and excellent corrosion resistance [1] . It is mostly used for parts requiring high toughness, rust resistance and impact resistance, such as compressor impeller blades, cutters and valves. There are few researches on this kind of stainless steel in domestic and foreign literature, only in heat treatment [2] and surface treatment [3] . The comparative tests on corrosion [4] , stress corrosion [5] and corrosion fatigue [6] [7] [8] of different materials of compressor impeller can help to understand this kind of martensitic stainless steel. Fatigue is the main failure mode when metal components are subjected to alternating loads. The research on fatigue properties of metals can mainly be divided into two levels: macro and micro. On macroscopic level, the fatigue properties of metals and the law of crack evolution and propagation are explored by means of experiment and numerical simulation; and on microscopic level, the structure and morphological distribution of fatigue fracture are mainly investigated. Based on the two levels, a series of laws and criteria for fatigue failure have been established. Generally, there are three regions in fatigue fracture: fatigue core region, crack propagation region and instantaneous fracture region. The main content of fatigue research is focused on the origin and propagation of fatigue cracks. The main factors affecting fatigue are fatigue threshold, overload effect, stress ratio R, crystal shape and grain size, structure state [9] . There are many expressions https://doi.org/10.1016/j.jmrt.2020.01.070 2238-7854/© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/). j m a t e r r e s t e c h n o l . 2 0 2 0;x x x(x x):xxx-xxx of fatigue crack growth and most of the criterion formulas are transformed from semi-empirical formulas obtained from continuous elastic-plastic mechanics analysis. The most basic semi-empirical formulas are Paris formulas as shown in Formula 1, where the influencing factors such as stress ratio R are not taken into account. According to Paris formula, a series of fatigue criterion models have been developed considering many factors affecting fatigue [10] [11] [12] .
where a is the depth or width of the crack, N is the number of stress cycles, C and m are the parameters related to the material, and K is the range of stress intensity factors.
The study on fatigue properties of X12Cr13 stainless steel is relatively rare so far. Wöhler, a German railway engineer, put forward the concept of S-N curve after systematically studying axle fatigue. S-N curve not only reflects the changing trend between fatigue life and stress load, but also includes the mechanism of fatigue crack initiation and propagation. It is an important basis for fatigue design and life evaluation of engineering components and mechanical equipment [13] [14] [15] [16] [17] . Bomas et al. [18] proposed a method for constructing a probability S-N curve combining two failure modes for 20MnCr5 steel from two different failure modes: internal inclusion induced failure and internal matrix induced failure. Sakai et al. [19] studied the fatigue properties of a bearing steel in the long-life region under cyclic axial loading and explained the complicated S-N behavior as a combination of S-N curves for surface-induced fracture and interior inclusion-induced fracture. Xiao et al. [20] explored the axial fatigue behavior of spring steel 55SiCrA, measured the fatigue limit of the material and plotted the S-N curve. The fatigue fracture morphology and inclusion distribution were observed and analyzed by scanning electron microscope, and the fatigue failure law was obtained.
Some researchers [21, 22] studied the phenomenon of a crack closing and opening under cyclic loading and drawn the conclusion that a fatigue crack starts after it is fully opened during the tensile portion of the loading cycle. Zerbst et al. [23] established an analytical fracture mechanics model for predicting the finite life fatigue strength range of the S-N curve based on the assumption of pre-existing cracks caused by initial defects such as large second phase particles. Li et al. [24] explored the effect of quenching and tempering process on the mechanical properties and microstructure of X12Cr13 through experiments. The results showed that the mechanical properties and structure of the material are highly sensitive to tempering temperature. Fantechi and Innocenti [25] studied chloride stress corrosion of 17-4PH stainless steel for impeller and X12Cr13 stainless steel was used as contrast material. Under the same test environment, the stress corrosion resistance of X12Cr13 was higher than that of 17-4PH. At the same time, it was found that welding has no effect on the stress corrosion resistance of X12Cr13 stainless steel. Wang [26] studied the matching relationship between austenite and ferrite in X12Cr13 stainless steel. It was found that the dual-phase structure of X12Cr13 stainless steel is mainly martensite and contains about 40% of ferrite. The existence of ferrite seriously affects the hot working characteristics of stainless steel, and the plasticity of steel deteriorates sharply due to the presence of angular ferrite in the structure. Poroś and Zaborski [27] revealed that the structure of X12Cr13 after annealing was mainly ferrite and a small amount of carbide when research on WEDM technology of roots of steam turbine blades, and after quenching it became a dual-phase structure in which martensite and ferrite coexist. The metallographic structure after tempering was mainly pearlite and ferrite. Yan [28] studied the fatigue crack growth characteristics of various metals and the factors affecting the crack growth, and drew the conclusion that the increase of stress ratio R will lead to the decrease of the initial crack threshold and the crack growth rate at the initial stage of fatigue. Shao et al. [29] analyzed the axial fatigue characteristics of XCQ16 stainless steel by means of ANSYS finite element software, and compared the fatigue life predicted by the simulation with the experimental data, which proved the validity of the numerical analysis method in predicting the fatigue life of materials.
Exploring the fatigue fracture characteristics of X12Cr13 stainless steel and summarizing and analyzing the fatigue failure law of stainless steel are of great reference value for preventing material fatigue failure and prolonging service life. At present, most researches on X12Cr13 stainless steel haven't specifically focused on the fatigue properties of X12Cr13 stainless steel leading to the extreme lack of experimental data. Therefore, in this research, the fatigue characteristics of X12Cr13 stainless steel material were detailly investigated. The fatigue characteristic curve (S-N curve) of X12Cr13 at R = 0.1 was approximately measured by the simplified lifting method, and the influence of the change of normal stress ratio R on the fatigue fracture characteristics of X12Cr13 was preliminarily explored combining with the morphology analysis of fatigue fracture surface.
2.
Device, specimens and experiment procedure
Device
A variety of factors exist influencing the fatigue of metal materials, which increases the research complexity. There are various kinds of testing equipment to test the fatigue properties of materials, and there are various fatigue testing methods and specimens. In this experiment, the fatigue characteristics of materials were preliminarily investigated by using PX series electromagnetic resonance high frequency fatigue testing machine produced by Changchun Kexin Test Instrument Co., Ltd. The equipment type is PX-20, and the main system of the test machine is optimized by using five freedoms mechanical model. Compared with similar products, the performance of this machine is superior and it can be used for both symmetrical fatigue test and asymmetrical fatigue test. The electric lifting chuck can be equipped with various independent accessories and fixtures, so fatigue tests of various tension and compression types can be carried out. 
Specimens and experiment procedure
The material used in this study is X12Cr13. The fatigue test specimens were designed according to GB/T 3075-2008 [30] , and the approximate fatigue strength of materials was tested by simplified lifting method. The fatigue test specimens and physical diagrams are shown in Fig. 1 . Before fatigue test, the true tensile strength Rm of X12Cr13 stainless steel was measured by tensile test. In order to ensure its accuracy, two specimens were stretched continuously. When the tensile load Fm was 12.3 kN, the specimens were fractured. 12.3 kN are taken as the load calculated value of tensile strength, and 0.7, 0.6, 0.5. . .n, n-0.1 times loads are selected as the load value for testing fatigue strength according to the requirements of the simplified lifting method. If the number of cycles of stainless steel under n times tensile load is less than 10 7 and the number of cycles of stainless steel under n-0.1 times tensile load is more than 10 7 , the load corresponding to its fatigue strength is considered to be between two tensile loads. The initial setting of the test is shown in Table 1 .
According to the standard requirement, the parallelism, coaxiality and verticality of the specimen are guaranteed to be less than 0.005 × 5 mm in the process of specimen preparation. In order to ensure that the surface roughness of the test gauge section Ra < 0.2 m and eliminate the turning scratches, the specimen can be mechanically polished along the axial direction, and then grinded along the axial direction of the specimen with abrasive paper with the mesh number of 500, 1000, 2000 and 4000 in turn in order to guarantee the surface quality of the specimen.
The fatigue characteristics of materials were studied by electromagnetic resonance high frequency fatigue testing machine. The load control method was set by "maximum and stress ratio R", setting stress ratio R to 0.1 and maximum number of cycles to 10 7 . The vibration mode was resonance. The cap was tighten to a position about 1-2 mm at both ends of the specimen, and certain pressure load was applied controlled within 0.1 kN. Through the program interface, the dynamic load and static load were cleared to zero, then the static load and dynamic load were given and the test was started. At the end of the test, the specimen was unloaded and stored in a sealed bag. The fracture morphology of the specimen in fatigue test was observed and analyzed by FESEM.
3.
Result and discussion
Fatigue characteristics curve of X12Cr13 stainless steel at R = 0.1
The maximum tensile load Fm is 12.3 kN by simple tensile test with two specimens. The tensile strength Rm of the material is 626 MPa according to the size of the specimen. The fatigue strength of stainless steel is 0.5 Rm. According to the pre-test settings, the maximum load of each group of specimens is 0.7
Fm, 0.65 Fm, 0.6 Fm, 0.55 Fm, 0.5 Fm and 0.45 Fm respectively. The formulas for calculating static and dynamic loads in the test data (0.5 kN is the smallest unit for the change of display values of the two loads set by the program system) are shown in Formula 2. The load-time curve is monitored in real time during the test, and the test will be interrupted automatically or manually when abnormalities occurs.
Static load =
Maximum load+Minimum load 2 ,
The computer terminal program automatically records each group's test results, among which the data of the maximum load and number of cycles selected are shown in Table 2 . Table 2 shows that the natural frequency of X12Cr13 stainless steel is about 155 Hz. The tensile strength Rm = 626 MPa and fatigue strength -1 = 313 MPa are calculated according to the test load and the size of the specimen. Based on the test data arranged in the table, the fatigue characteristic curve (S-N curve) of X12Cr13 stainless steel at R = 0.1 was plotted in Fig. 2 where the most obvious change can be observed when the corresponding load is 0.5∼0.55 Rm. When the maximum test load is higher than the corresponding load of 0.5 Rm, the fatigue life of the specimens remains unchanged. The test results are in agreement with the fatigue strength of common stainless steel recorded in the tool manual. 
Fracture morphology analysis of fatigue specimens
After the fatigue characteristic curve was measured by simplified lifting method, the fracture morphology of six groups of specimens in fatigue test was observed and analyzed by FESEM. Fractures of specimens generally occur at the most fragile structure, where the information about the origin and propagation of cracks during the whole fracture process is recorded.
Fatigue fracture of stainless steel can be divided into three regions: fatigue source region, crack propagation region, and instantaneous fracture region. The fatigue cracks originate in the source region and usually exist in the defect (There may be several defects); the section of the propagation region is smooth and fine, and obvious fatigue patterns can be observed; the instantaneous fracture region is formed after the crack extends to a certain stage, which is similar to the plastic fracture caused by simple tension, with local necking and rough fracture surface.
For tensile specimen ST-01, the specimen fracture from the middle of the gauge section, and the macro-fracture has obvious cupped necking, which belongs to the typical ductile fracture. Fig. 3 shows the microstructure of the specimen at different magnification. The tear dimples can be observed in the microstructure of the fracture surface with the characteristics of microporous aggregation fracture. As shown in Fig. 3(c) , inclusions can be observed in the specimens after magnification, indicating that the formation of dimples is related to the existence of second phase particles in the microstructure. With the continuation of tension, the plastic deformation of specimens increases continuously. The existence of inclusions leads to discontinuity of internal structure and cracks first form at discontinuity. As the tensile process proceeds, the cracks expand further, resulting in "necking" of metals between inclusions away from the inclusion interface. When the necking is large enough, tear fracture will occur, which will cause the holes between inclusions to connect and continue to expand. Therefore, the tear dimples are formed at the fracture surface.
The fracture caused by fatigue is obviously different from that caused by simple tension in the microstructure of fracture surface. Fracture of fatigue specimens occurs at the junction of gauge section and transition section. The fracture surface of fatigue specimens can be divided into smooth section with almost no deformation and rough section with large deformation (similar to tensile fracture morphology). Therefore, the fracture surface of fatigue specimens can be divided into fatigue section and tensile section. Fig. 4 is the microstructure of the smooth fracture section of specimen FT-01. The fracture cracks are repeatedly torn and extruded under relatively large asymmetric alternating load. Fig. 4(a) shows striped striation at 500× magnification. At 5000× magnification, relatively regular striped pattern and multiple crack sources on the fracture surface can be observed very clearly, as shown in Fig. 4(c) . Fig. 5 shows the fracture morphology of fatigue specimen FT-02. As shown in Fig. 5(a) , the transition region between smooth section and rough section is selected for observation. It can be seen that there is a transition region along the radial distribution of the specimen between smooth section and rough section, and there is a variation in the height of the fracture. The smooth section presents regular flake pattern, while the rough section has a large number of voids with flocculent distribution. As shown in Fig. 5(b) , the rough section is examined to 2000× magnification and further observed. It was found that the fracture has obvious tear dimples. Further- more, the dimples of different sizes and depths are different. This section is instantaneous fracture region and the fracture reason of this section is the same as that of tensile fracture. As shown in Fig. 5(c) , the smooth area is examined to 5000× magnification for observation. It can be seen that there are many crack sources, there are obvious corrugated patterns on the striped and massive plane, and the patterns are arcshaped under the action of alternating load. Therefore, it can be judged that this section is fatigue fracture. Fig. 6 shows the fracture morphology of fatigue specimen FT-03. As the maximum load of fatigue test decreases, the smooth section and rough section also appear on the specimen fracture surface. But the rough section is flocculent, and the transition between the rough section and smooth section is more obvious, as shown in Fig. 6(a) . The initial stage of rough section has longer and deeper intermittent cracks, and the cracks near smooth section are short and deep. The dimples in the rough section are relatively shallow and the edges of dimples are smooth. The morphology of the instantaneous fracture region is relatively flat when the maximum load is reduced. Fig. 6(b) and (c) is enlarged images with smooth area. The fatigue striations are similar with the first two groups of specimens, but the striations are relatively dense, and the mud pattern is more obvious. At this time, the maximum load of the specimen is 0.6 Rm and the number of cycles is 568,000. The area of the smooth section of the macro-fracture is slightly larger than that of the rough section. The transition region of the two sections is perpendicular to the direction of the applied load. An obvious segmental line is visible and the deformation of the rough section is relatively small. Fig. 7 shows the fracture morphology of fatigue specimen FT-04. Several bright cylindrical metallic impurities can be seen in this group of specimens. As shown in Fig. 7(a) , there are more metallic impurities in the transition region between rough section and smooth section, and many crack sources are formed at the edge of impurities. The cracks in the smooth region are distributed around the flaky and massive fracture surface with non-uniform directions. Fig. 7(b) shows that there are many smooth lumps on the surface of the fracture. The reason may be that the number of fatigue cycles increases after the maximum load is reduced. Under the alternating load, the section of the part that has been fatigued and fractured is scratched by repeated friction and extrusion, which is equivalent to the process of slight grinding, as a result, some parts of the massive fracture surface become smooth. Fig. 7(c) shows clearly the metal impurities doped on the surface of the fracture, and there are many fatigue cracks near the impurities. There are a lot of massive and grainy morphologies around the fracture surface and there are no longer regular fatigue striations on the surface of the fracture. The image at 5000× magnification shows that the fatigue striations are relatively thick and straight, and the direction of crack propagation is inconsistent, even vertical, with the direction of fatigue striations. Moreover, the same crack source has multiple crack propagation directions. Secondary phase precipitation occurs on the impurity surface, and the brightness is higher than that of the matrix metal on the fracture surface. Fig. 8 shows the fracture morphology of fatigue specimen FT-05. The number of cycles of this group of specimens is 9,994,000, which is very close to the limit cycles set by the test. It can be approximated that the maximum stress calculated under this condition is the fatigue strength of the material. Fig. 8(a) shows that the fatigue pattern of the fracture surface is more compact, the surface morphology of the smooth region is scaly morphology, the transition region is still very obvious, and the direction of cracks in the rough region tends to be the same. In Fig. 8(c) , stripped fatigue striations can be clearly observed, and the propagation direction of short crack and fatigue striations is the same, but the propagation direction of long and deep crack is still inconsistent. Under the condition of approaching high cycle fatigue, the fatigue fracture crack growth region is smoother and more meticulous, and the muddy or scaly microgroove is more compact.
Through the microscopic observation of the fracture surface of fatigue specimen, it can be seen that the fracture surface has both rough regions and smooth regions, with a linear transition region between them. With the decrease of the maximum load, the proportion of smooth section of fracture area to the cross-section area of the whole fracture becomes larger. Moreover, as the number of cycles increase, the fatigue striations becomes more prominent with denser striation lines, and the flaky and massive plane gradually changes to the massive and grainy plane with increased cracks. Through fracture analysis, it can be seen that although the change of maximum load has some influence on the fatigue fracture morphology, the overall morphology types and distribution of the fracture surface are still very similar. The whole experiment was completed by simplified lifting method with stress ratio R = 0.1. Resonance was selected in vibration mode, and alternating load was applied by resonance with natural frequency of X12Cr13 stainless steel. The S-N curve of stainless steel was measured and the micro-morphology of fatigue fracture was analyzed, which lays a foundation for further study of fatigue characteristics of X12Cr13 stainless steel.
Effect of stress ratio R on fatigue characteristics
There are many factors affecting the fatigue properties of X12Cr13 stainless steel, among which the stress ratio R is particularly important for the fatigue properties of stainless steel. The fatigue life and fracture morphology of specimens with normal stress ratio R = 0, 0.1, 0.15, 0.2 and 0.3 were preliminarily investigated by using the same testing machine, specimen and test steps. On this basis, the influence of normal stress ratio R on fatigue characteristics was summarized.
Fatigue test under different stress ratios
The experiment objective is the laws of number of cycles (fatigue life) at different stress ratio R under stress ratio R ≥ 0. Under the stress ratio R = 0.2 and the maximum load is the load (7.38 kN) corresponding to 0.6 Rm, there is still no fracture when the number of cycles N of the specimen reaches 10 7 , and the specimen is not considered to have fatigue fracture under this condition. When the stress ratio R = 0.3 and the maximum load is the load (8.61 kN) corresponding to 0.7
Rm, the specimen will not fracture again. With the increase of the stress ratio R and the decrease of the maximum load, the fatigue fracture will not occur again. From Table 3 , it can be seen that the test frequency will not change significantly with the change of stress ratio R and maximum load. Because the resonance test was used in the test, the natural frequency of X12Cr13 specimen is still 155 Hz. Only two loads corresponding to 0.7 Rm (8.61 kN) and 0.6 Rm (7.38 kN) were selected in the test. On the one hand, the time required for fatigue fracture of specimens under these two maximum loads is relatively short. On the other hand, with the increase of stress ratio R, the probability of fatigue fracture of specimens can increase by choosing larger loads. According to the table data, the relationship curve between stress ratio R and number of cycles N is drawn as shown in Fig. 9 .
In Fig. 9 , with the increase of stress ratio R, the number of cycles N required for fatigue fracture increases obviously. When the corresponding maximum load is 0.7 Rm, the number of cycles N required for specimen fracture is not obvious under the stress ratio of 0 ≤ R < 0.2. Under the stress ratio of 0.2 < R < 0.3, the number of cycles N is quite sensitive and increases obviously with the increase of stress ratio R. Under the stress ratio of R > 0.3, fatigue fracture of the specimen does not occur. When the maximum load is 0.6 Rm, the number of cycles N required for specimen fracture does not change significantly under the stress ratio of 0 ≤ R < 0.15, and the change of stress ratio R has little effect on the fatigue life. Under the stress ratio of R > 0.15, the number of fatigue cycles N of the specimens rapidly exceeds 10 7 times with the slight increase of the stress ratio R, and the specimen no longer has fatigue fracture.
The change of stress ratio R has a significant effect on the fatigue life of X12Cr13 stainless steel. Under the condition of normal stress ratio R, the fatigue life of stainless steel generally increases with the increase of stress ratio R. Especially after the stress ratio exceeds 0.2, the fatigue failure of stainless steel will not occur under the asymmetrical cyclic load less than 0.7 Rm. It has certain reference value for stainless steel to work under the condition of possible fatigue failure. Fig. 10 is the fracture morphology of NFT-01 (R = 0,0.7 Rm) after fatigue fracture. After 176,000 cycles, the specimen fractures, and the fracture surface also has obvious rough region and smooth region. Fig. 10(a-c) is the fracture morphology of fatigue region. Fig. 10(a) is the fracture morphology at 500× magnification and it can be seen that fracture blocks of different sizes are distributed on the fracture surface, with river and step-like patterns similar to cleavage fracture. In Fig. 10(b) , there are parallel fatigue striations on the step-like fracture blocks vertical to the fracture direction. Fig. 10(c) is the fracture morphology at 5000× magnification. Where the fatigue propagation cracks of different sizes and fatigue patterns on the fracture blocks, and a small amount of secondary phase precipitation can be observed. Fig. 10(d-f) is a rough region morphology caused by tensile fracture, where conical dimples with different depths are densely distributed and are spongy. The existence of a large number of dimples indicates that there are a large number of void nuclei when the material fractures. The material itself is plastic and contains inclusions and second phase particles. When the dimples are examined at 5000× magnification, it is observed that each dimple has a void nucleus caused by a second phase particle, and the dimples are hollow cone and closely arranged. Fig. 11 shows the fracture morphology of NFT-02 (R = 0,0.6
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Rm) after fatigue fracture. After 180,000 cycles, the specimen fractures. Although the number of cycles is basically the same as the specimen NFT-01, the fracture surface morphology is different. Fig. 11(a-c) is the microstructure of the fatigue fracture region. Although there are a few step-like fracture blocks, they are relatively flat on the whole. This is due to the decrease of the maximum load on the specimen. Cyclic loading decreases the tensile strength of fatigue fracture, which is similar to the effect of "rolling". Therefore, the surface of the fracture is smoother. When examined at 5000× magnification, the river pattern can be found around the smooth plane. There are parallel fatigue fringes on the same fatigue fracture block, and the direction of the fringes on different fatigue fracture blocks is different. Fig. 11(d-f) is the rough morphology of the instantaneous fracture region, which is basically consistent with the tensile fracture morphology of the specimen. There are flocculent dimples in the fracture surface and several obvious dimples tear each other and merge into larger pits. The deep dimples are grey black. After enlarging the region with deep dimples to 5000× magnification, the uneven inner wall of the dimples can be observed, and the smooth and shiny impurities can be clearly identified in the center of the dimples. The specimens NFT-03 and NFT-04 correspond to the sample FT-01 and FT-03 when the S-N curve was measured. The fracture morphology is shown in Figs. 4 and 6. Fig. 12 shows the fracture morphology of specimen NFT-05 (R = 0.15, 0.7 Rm) after fatigue fracture. After 336,000 cycles, the fracture morphology of fatigue fracture region becomes different with the increase of stress ratio R. The small fracture blocks on the fracture surface stick together with the whole fracture surface, and obvious fracture block boundary disappears. The fringes around the fracture blocks are short and thick. The fatigue fracture was examined at 5000× magnification and the fatigue fringes are slightly curved arc and perpendicular to the local fatigue cracks. When the load is large, the fringes are relatively large. Fig. 12(d-f) is the microstructure of fatigue instantaneous fracture region, indicating the existence of a large number of more compact dimples, most of which are small and relatively shallow. The thin wall between dimples and dimples is thinner, and the nucleation material is smaller. Fig. 13 shows the fracture morphology of NFT-06 (R = 0.15,0.6 Rm) after fatigue fracture. After 321,000 cycles, the specimen fractures. Compared with the previous specimens, with the increase of stress ratio R and the decrease of maximum load, the fatigue fracture surface tends to be flatter, the fatigue pattern is shorter and smaller, and there is no fatigue fracture block with obvious boundary. Under the 5000× magnification, the pattern distribution is conchoidal and the radian is larger. The dimples in the fatigue instantaneous fracture region are more compact and thinner. The thin wall of the conical dimples is thinner and presents the fracture surface morphology of nesting of large and small dimples.
By analyzing the fracture morphology of fatigue specimens under different stress ratios, it can be concluded that the change of stress ratio R affects both the fatigue life of spec- imens under cyclic loading and the morphology of fatigue fracture. Larger stress ratio leads to finer fracture surface morphology and smoother fatigue fracture region.
Conclusion
In this paper, the fatigue characteristic curve of X12Cr13 stainless steel at the stress ratio R = 0.1 was measured by simplified lifting method using PX-20 electromagnetic resonance high frequency fatigue testing machine. The influence of the normal stress ratio R on the fatigue life of materials was explored.
Combining with the fracture morphology analysis of fatigue test specimens, the following conclusions can be made:
1 The fatigue limit of X12Cr13 stainless steel material was measured by resonance method and the S-N curve was plotted. The limit is 0.5 Rm by using rod specimens when the stress ratio R = 0.1. The number of fatigue cycles N varies obviously under the maximum load in the corresponding range of 0.5 Rm-0.55 Rm. 2 The normal stress ratio R has significant effects on the fatigue life of X12Cr13 stainless steel. With the increase of the stress ratio R, the fatigue life of stainless steel increases significantly. When the stress ratio R > 0.3 and the maximum load ≤0.7 Rm, fatigue fracture does not occur. 3 Under the same stress ratio R, the fracture morphology of fatigue specimens are not obviously effected by the variation of maximum load. There exist rough areas (tensile fracture) and smooth areas (fatigue fracture), but the proportion of rough areas and smooth areas to the whole section is different. With the decrease of maximum load, the proportion of smooth areas increases. Under different stress ratios and the same maximum load, the fracture mor-phology of the specimen is different. Larger stress ratio R leads to finer and smoother fracture surface.
